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$EVWUDFW
'XULQJGHVLJQLQJRIFHQWUDOL]HGDLUFRQGLWLRQLQJV\VWHPLWLVDXVXDOSUDFWLFHWROD\RXWWKHGXFWVFDUU\LQJOLTXLGV
DW ORZHU WHPSHUDWXUH XQGHU WKH JURXQG VXUIDFH  7KH GHVLJQ JXLGHOLQH LV VWULQJHQW DERXW WKH KHDW ORVV IURP WKH
SURWHFWLYHVKHDWKDURXQGWKHFRRODQWVDQGLWLVH[SHFWHGWKDWWKHHQFDSVXODWLQJJHRPDWHULDODURXQGWKHSURWHFWLYH
FDVLQJVKRXOGEHRI OHVVHUWKHUPDOFRQGXFWLYLW\7KLVZLOOHQVXUHPLQLPDOKHDWORVVWKXVLQFUHDVLQJWKHHIIHFWLYH
SHUIRUPDQFH RI WKH DLUFRQGLWLRQLQJ V\VWHP ,Q YLHZ RI WKH DERYH WKLV SUHVHQW LQYHVWLJDWLRQ LV SHUWDLQLQJ WR
SHUIRUPDQFHDVVHVVPHQWRISRQGDVKDORFDOO\DYDLODEOHZDVWHPDWHULDOIRULWVVXLWDELOLW\DVDQHQJLQHHUHGEDFNILOO
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DUWLILFLDO LQWHOOLJHQFH WHFKQLTXH IXQFWLRQDO QHWZRUN )1 DSSURDFK IURP WKH OLWHUDWXUH GDWD WR HVWLPDWH WKHUPDO
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6UHHGHHSHWDO(U]LQHWDO7KHSUHVHQWLQYHVWLJDWLRQXVHVDUWLILFLDOLQWHOOLJHQFHWHFKQLTXH
IXQFWLRQDO QHWZRUN DSSURDFK WR GHULYH D JHQHUDOL]HG FRUUHODWLRQ EHWZHHQ HOHFWULFDO DQG WKHUPDO
UHVLVWLYLW\ RI VRLO $ ORFDOO\ DYDLODEOH SRQG DVK LV XVHG IRU ODERUDWRU\ VFDOH HOHFWULFDO FRQGXFWLYLW\
GHWHUPLQDWLRQ XVLQJ D IDEULFDWHG HOHFWULFDO SUREH DQG WKHQ HPSOR\LQJ WKH IXQFWLRQDO QHWZRUN EDVHG
UHODWLRQVKLSWKHUPDOFRQGXFWLYLW\RIWKHPDWHULDOLVGHWHUPLQHG7KLVWKHUPDOSURSHUW\LVWKHQXVHGIRU
DVVHVVPHQWRIWKHUPDOPLJUDWLRQDURXQGDW\SLFDOFRRODQWGXFWZLWKSRQGDVKDVDQHQJLQHHUHGEDUULHU



















DQ DOWHUQDWH HQJLQHHULQJ EDFN ILOO PDWHULDO DURXQG WKH FRRODQW GXFWV 7KH HVWLPDWLRQ RI WKHUPDO
UHVLVWLYLW\ RI JHRPDWHULDOV IURP WKHLU HOHFWULFDO UHVLVWLYLW\ ZDV FDOFXODWHG EDVHG RQ WKH FRUUHODWLRQ
DFKLHYHG XVLQJ IXQFWLRQDO QHWZRUN DSSURDFK 7KH HOHFWULFDO UHVLVWLYLW\ RI WKH SRQG DVK VDPSOH LV
PHDVXUHG XVLQJ D IDEULFDWHG HOHFWULFDO SUREH 7KH IDEULFDWHG HOHFWULFDO SUREH WKDW ZRUNV RQ WKH
JXLGHOLQHVHQXPHUDWHGE\6UHHGHHSHWDO7KHH[SHULPHQWDOO\HYDOXDWHGHOHFWULFDOFRQGXFWLYLW\RI
WKHSRQGDVK LVXVHGIRU LQGLUHFWGHWHUPLQDWLRQRI LWV WKHUPDOFRQGXFWLYLW\ZKLFK LVXVHGDVDQ LQSXW
SDUDPHWHU IRU QXPHULFDOO\ VLPXODWLQJ WKHUPDO PLJUDWLRQ DURXQG FRRODQW FDUU\LQJ GXFW LQ D W\SLFDO
FHQWUDOL]HGDLUFRQGLWLRQLQJV\VWHP
)XQFWLRQDO1HWZRUNV )1 LV D UHFHQWO\ LQWURGXFHG H[WHQVLRQ RI QHXUDO QHWZRUNV &DVWLOOR 
EDVHG XSRQ WKH VWUXFWXUH RI WKH SK\VLFDO ZRUOG )1 LV WHUPHG DV D QRYHO JHQHUDOL]DWLRQ RI QHXUDO
QHWZRUNVEHFDXVHRI LWVDELOLW\ WR WDNH LQWRDFFRXQWERWKGDWDDVZHOODVSURSHUWLHVRI IXQFWLRQEHLQJ
PRGHOOHGGRPDLQNQRZOHGJHWRHVWLPDWHWKHXQNQRZQQHXURQIXQFWLRQV2QFHWKHLQLWLDOWRSRORJ\LV
DYDLODEOHIXQFWLRQDOHTXDWLRQVFDQEHXVHGWRDUULYHDWDPXFKVLPSOHUWRSRORJ\)XQFWLRQDOQHWZRUNV
WKXV HOLPLQDWH WKH SUREOHPRIQHXUDO QHWZRUNEHLQJ µEODFNER[HV¶ ,Q)1 WKH IXQFWLRQV DUH OHDUQHG
GXULQJWKHVWUXFWXUDOOHDUQLQJDQGHVWLPDWHGGXULQJWKHSDUDPHWULFOHDUQLQJZKHUHDVLQQHXUDOQHWZRUNV
WKHQHXURQIXQFWLRQVDUHDVVXPHGWREHIL[HGDQGNQRZQDQGRQO\WKHZHLJKWVDUHOHDUQHG0RUHRYHU






WUDQVLHQW WKHUPDODQDO\VLV+RZHYHU LQRUGHU WR UHQGHU WKHDQDO\VLVVLPSOHUDVWHDG\VWDWHDQDO\VLV LV
UHDOL]HGKHUH
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0DWHULDOVDQGPHWKRGV
3.1. Material selection and characterization  































































2.25 6.02 2.54 26.95 1.12
3.2. Electrical probe and its principle of application 
7KH HOHFWULFDO SUREH ZRUNV RQ WKH SULQFLSOH RI RSHUDWLRQ IRU (OHFWULFDO 5HVLVWLYLW\ 3UREH (53
JLYHQE\6UHHGHHSHWDO$IWHUWKHSUREHLVGXJLQVLGHWKHVDPSOHDNQRZQYDOXHRIHOHFWULFDO
FXUUHQW I LVDSSOLHGDFURVV WKHH[WUHPH WZRFXUUHQW HOHFWURGHVDQG WKHSRWHQWLDOGURSV DFURVV WKH
YROWDJHHOHFWURGHVLVPHDVXUHG
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)LJXUH H[KLELWV WKH SUREHXVHG IRUPHDVXUHPHQWRI HOHFWULFDO UHVLVWLYLW\RI WKH VRLO VDPSOHV DQG
ILJXUH  SUHVQWV WKH FDOLEUDWLRQ FXUYH IRU WKH SUREH 7KH FDOLEUDWLRQ FRQVWDQW µD¶ ZDV IRXQG WR EH

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]  6SHFLILFKHDWRIWKHPDWHULDO
3.4. Functional network approach for prediction of thermal resistivity 
'DWDDYDLODEOH IURP(U]LQHWDO LVXVHG WRGHYHORSDQDVVRFLDWLYH)1PRGHO WRSUHGLFW WKH
WKHUPDOUHVLVWLYLW\57RIJHRPDWHULDOV7KUHHLQSXWVQDPHO\GHJUHHRIVDWXUDWLRQ6UVXPRIIUDFWLRQV
RIVDQGDQGJUDYHOVL]HSDUWLFOHV)DQGHOHFWULFDOUHVLVWLYLW\RIWKHJHRPDWHULDO5(DUHXVHG)URP
GDWDYDOXHV UDQGRPO\ VHOHFWHGGDWDZHUHXVHGDV WUDLQLQJ VHW DQG WKH UHVW RI WKHGDWD LVXVHG IRU
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     0.82
     0.18
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5HVXOWVDQGGLVFXVVLRQV
7KH YDULDWLRQ RI HOHFWULFDO UHVLVWLYLW\ RI WKH SRQG DVK VDPSOH ZLWK ZDWHU FRQWHQW LV SUHVHQWHG LQ
ILJXUH7KHWUDQVLHQWWKHUPDOQXPHULFDOVLPXODWLRQLVDWWHPSWHGXVLQJ$16<6D)(0EDVHGVRIWZDUH
SDFNDJH$'PRGHO LV UHDOL]HGZKHUH WKHFRRODQW FDUU\LQJ39&SLSH LV DVVXPHG WREHEXULHGDWD
GHSWKDPIURPWKHJURXQGVXUIDFH6FKHPDWLFVRIWKHPRGHOJHRPHWU\FDQEHIRXQGIURPILJXUH
7KLV JHRPHWU\ LVPRGHOHG LQ WKH$16<6:RUNEHQFK0DWHULDO DVVLJQPHQW LV GRQH LQ WKH IROORZLQJ
VWHSDQGPHVKJHQHUDWLRQ LVFDUULHGRXW LQ WKHQH[WSKDVH)LJXUHSUHVHQWV WKHJHQHUDWHGPHVK$Q
DPELHQW WHPSHUDWXUHRI&LVHVWDEOLVKHGWKURXJKRXWWKHV\VWHPDSDUW IURPWKHVXUIDFHRIWKH39&
VKHDWKZKHUHWKHWHPSHUDWXUHLVDVVXPHGWREH&5DGLDWLRQORVVHVDUHDOORZHGIURPWKHVXUIDFHRI
WKH HDUWK DQG WKH FRHIILFLHQW RI HPLVVLYLW\ RI WKH VXUIDFH RI HDUWK LV DVVXPHG WR EH  $V D
UHSUHVHQWDWLYHDQDO\VLV VLPXODWLRQ LVFDUULHGRXW IRU WKHSRQGDVKVDPSOH\LHOGLQJPLQLPXPYDOXHRI
WKHUPDOFRQGXFWLYLW\ZKLFKLV:P.































FRRODQW VKHDWKDQG WKHHQJLQHHUHGEDFNILOO LV UHGXFHGDERXW&DIWHUDSHULRGRI\HDUZKLFK LV

































LQWHOOLJHQFH WHFKQLTXH IXQFWLRQDO QHWZRUN DSSURDFK D JHQHUDOLVHG FRUUHODWLRQ ZDV GHULYHG IRU
SUHGLFWLQJ WKHUPDO UHVLVWLYLW\ RI WKH SRQG DVK IURP LWV HOHFWULFDO UHVLVWLYLW\ 7KH LQYHUVH RI WKHUPDO
UHVLVWLYLW\ IXUQLVKHG WKHYDOXHRI WKHUPDOFRQGXFWLYLW\ZKLFK LVXVHG IRUPRGHOOLQJ WKHGXFWEDFNILOO
V\VWHPLQ)(0DQDO\VLVLQ$16<6HQYLURQPHQW7KH)(0EDVHGDQDO\VLVUHYHDOHGWKDWWKHSRQGDVK
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